%38 % 6 wOE 5 W & Vol. 38, No. 6

2018 4F 11 H EXPLOSION AND SHOCK WAVES Nov. , 2018

DOI: 10. 11883/bzycj-2017-0181 XEHS: 1001-1455(2018)06-1317-08

BREXBIFEHREREERENNBESHT

XIJ m%lv%i‘ré%UEB#@?hzvxﬁgﬁgaiﬂﬂﬁl’z
(L. Bl 25 TR R 2 0 o it B 9 UK [ 8 i 2 9 28 V90 g ¢ 210007
2. 7 BB T RS MU TR 2B V198 M 210094
3. LARIERHIF I T, b5t 100850)

WE: XM SPH 51, 2 F AUTODYN-2D JFf& T E AT 30X 4 FF“ 18 X 55 3 32 - (2 50 T4 il )2 -]
HE -+ S5 27T S0 B2 2B 5 65 K 00 8 T T SO T B AT A5 B T S5 0 i IR R AE R A = 43 TC A O
SEALFI (D REIMFT o 3 B 25 o o) 3 9 J2 R T2 1 i R R B L L — 2 R B X [E) PN 45 4 J2 4 4R A0 UR B L
B A T o R O B I TR /0N 5 (20 45 4 J2 04 R et 0 T L 490 EL A i i o 0T T 9 /N 17 e L X T LA B A
45 o 1B [ o 2 B8 7 S 2 R 3 T2 BB AT 5 (3) — 8 AT Ll 3G i as KRR 2 T LA NG 2 10 1R )
VR L E5 2 43 TC BB 2 11 LY ) 0 48 6T

KA R R B S5 ;e 43T SPH

FESES: 0385 E#FRAKE: 13035 XHIRES: A

8 1 3 B RE I AR — PR AR OB 4B A B R AT R A R A DK L2 [ RE T R L L B A A
F A A B B AT 10 B K S e S T R R H bR R 03 B b s o AR b X ) O H AR

Tt 2 AR, [ N A E R R 3 A g TR R A A S T AT o B 5 R O T T R T T 1)
5. Hr Antoun %5 \Winnemann 485 FIXS [ 58 40 FF i Tl & AT 5 A A MRS 0 B AR 4y
M A5 31 7 M ool 28007 1) A 478 5 U0 R R 45 K 1T 45 7 5 L Dawson % AR E A E RSN 4R
S SC AN IR T B Al G YR B - AR AR B A R e R o RN SE B A 5Y  Cheng 26N Shi 4N 2R
Bib AR A5 0 F R T X6 2 2 T o o 9 o R YD 5 B RO 1) B A T, 2R e ST R A 2 AL K 3
ARG B BEAT T IF VMG . T A B SIS T A5 R 8 w2l Al A AT o Ak
IO 55 B 5 R b o 2 S AR K, B A A (A R R 0 D A A R e o RO R AR e . H AT
Gt o R v S P 1 TR B AR R Bl = E ST L B R R 4 AR e 3 T A s e S A R
7o % ) A 1 12

AR — PR R A - (a8 SO RP-IRBE 7 R S B 454, IR 3 T AUTODYN-2D 8l g 2 #1F
FF I 12 485 K B0 09 T 50 8 1 AR 00 A B TR A 9 0 5 A A v TR AT o T BB SRR AE LA R AR A L 4
AT 2 B B A R R T T B R R S

1 HEERIESL

(A8 R b ok 20K 2 R o 3 B R R 5 M R A A Y Oy AU T, AR S R ] — A
- B A 5 S R A 2 B AR s A AR I o IR BT R AR R ) A PR R AT T ACR
11 BESHSEEEG

SR RL G T 45 T B o B A e ) R R R R R e e ) R R ) AR RO 5 MR B
TFEHR 1000 ke, B HE” (K AR L 4, SR B4R 255 mm, #1141 020 mm) FI“K#7 (K AR H 8, #LIk EH 2

« R BEH: 2017-05-23; fEEBHI: 2017-09-08
E4TH: HXAARFRESHFEILSTH (51409258) ; FF A RBF I 4 H FIH (11772355)
OB AL A AT A BA R SR 3R H (IRT13071 )
F—1EE: x| Q983 — LB LA BB TR BEEE . XFE R, hnjia@sina. com,



1318 5% 1 5 i bin %38 &

202 mm, i 1 616 mm) WA IEIE, EdH#EER N 1 700 m/s (Ma=5).3 400 m/s(Ma =10),
5100 m/s(Ma=15)F1 6 800 m/s(Ma=20), H3 3 A 4.
1.2 $EHRS AR

TEE R S B TR R eh e ol UL AR B A TR E = CRRLR BT R 3R 35 MPa) Fl TR 4 il )2 X Bl
Profithy . Hoh e TR AR i A A RS 2 L B RO TR AL A BE )2 L A 2 O TR AL R S5
JZ 5 3N S )2 R PR E A T E R R 2 AR SR K AR LR TR L AR R R [ R
BIMAZSBEZE K0T ZAri0 N 1A 1B 2A 2B, FE4R B AL I3 1 R,

x1 BERRILASH

Table 1 Geometrical parameters of numerical models

JUfEEAL T % KR L,/D A fEEfZE/m =RWE/m BoRE/m RELZEHE/m BEE/m

1A 4 3.0 0 3 4 10.0
1B 4 3.0 3 3 4 13.0
2A 8 4.5 0 3 4 11.5
2B 8 4.5 3 3 4 14.5
(a) Simulation scheme 1A (without air layer) (b) Simulation scheme 1B (with air layer)
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Fig. 1 Numerical models as 1A and 1B
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Fig. 2 Structure’s general damages
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Fig. 4 Damage phenomena of concrete layers
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Fig. 5 Energy distribution based on calculated results
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(a) Simulation scheme 1A
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Fig. 6 Nephogram of structures” absolute velocity distribution
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Numerical analysis on hypervelocity penetration into
layered protective structure

LLIU Zheng', CHENG Yihao', QIU Yanyu'?, DENG Guogiang®, WANG Mingyang'**
(1. State Key Laboratory of Disaster Prevention and Mitigation of Explosive and Im pact ,
Army Engineering University of PLA, Nanjing 210007, Jiangsu, China;

2. School of Mechanical Engineering » Nanjing University of Science and Technology »
Nanjing 210094, Jiangsu, China;

3. No. 4 Research Institute of Engineering Corps, Beijing 100850, China)

Abstract: In this study, based on SPH and using AUTODYN-2D, we analyzed the hyper velocity pen-
etration of tungsten rod into four types of layered shielding structures consisting of granite shielding
layer, air/sand distribution layer and concrete structure layer, and obtained the structures’ damage
and energy distribution, with the following results achieved: (1) Although raising the striking veloci-
ty increased the damage of the shielding layer and the distributing layer, the penetration depth into
the structure layer decreased within a certain velocity range; (2) The ratio of the energy conducted to
the structure layer generally decreased with increasing of the striking velocity, and this could be at-
tributed to the transverse propagation of the impact energy within the shielding layer and distributing
layer; (3) Under certain conditions, addition of an air layer could reduce the penetration depth into
the structure layer, the ratio and absolute value of the energy conducted to the structure layer.
Keywords: hypervelocity penetration; layered protective structure; energy distribution; SPH
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